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Y EXAMINATION REPORT 



rnational application No. 
PCT/AU99/00830 



Basis of the report 



With regard to the elements of the international application:* 
| | the international application as originally filed. 

the description, pages 2,3,4,7-13 , as originally filed, 



X 



the claims, 



X the drawings, 



pages filed with the demand, 

pages 1,5,6, received on with the letter of 25 August 2000 

pages 15-17, as originally filed, 

pages , as amended (together with any statement) under Article 19, 

pages :> filed with the demand, 

pages 14 , received on with the letter of 25 August 2000 

pages 1-9 , as originally filed, 

pages , filed with the demand, 
pages received on with the letter of 
| | the sequence listing part of the description: 

pages , as originally filed 

pages , filed with the demand 

pages , received on with the letter of 

With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 
| | the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 

| | the language of publication of the international application (under Rule 48.3(b)). 

| | the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, was on the basis of 
the sequence listing: 

[ | contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| [ furnished subsequently to this Authority in computer readable form. 

| | The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
| | The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished 
| | The amendments have resulted in the cancellation of: 

| | the description, pages 

| | the claims, Nos. 

| | the drawings, sheets/fig. 

| | This report has been established as if (some of) the amendments had not been made, since they have been considered 

to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 

report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70.16 and 70. 1 7). 

Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report 
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IV. Lack of unity of invention 



In response to the invitation to restrict or pay additional fees the applicant has: 

| | restricted the claims. 

| | paid additional fees. 

| | paid additional fees under protest. 

| | neither restricted nor paid additional fees. 

| | This Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 
68. 1, not to invite the applicant to restrict or pay additional fees. 

This Authority considers that the requirement of unity of invention in accordance with Rules 13.1, 13.2 and 13.3 is 
| | complied with. 

|X | not complied with for the following reasons: 

Claim 1 refers to a security document incorporating an "authentication" device using particles. 

Claim 17 refers to a security document incorporating melting and then subjecting to a field to orient particles. 

Claim 19 refers to a security document incorporating placing particles in pores. 

Claim 23 refers to a security document incorporating using a die to cause a transfer film to deposit the particles. 

The particles in each claim are nanoparticles. Nanoparticles are known in security documents, see the two new 
citations overleaf Consequently, there is no common novel feature between the claims, and hence there is lack of unity 
of invention. 

However, the subject matter of all claims is similar and the search and examination can be carried out without 
significant extra effort. There is thus no need for additional examination fees. 



Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 



fx] ali parts. 

| | the parts relating to claims Nos. 
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Statement 
Novelty (N) 

Inventive step (IS) 

Industrial applicability (IA) 



Claims 1-25 
Claims 

Claims 1-25 
Claims 

Claims 1-25 
Claims 



YES 

NO 

YES 

NO 

YES 

NO 



2. Citations and explanations (Rule 70.7) 

US 5766764, US 5733480, WO 99/07502, EP 827137 
New Citations: EP 465124, WO 94/09180 



Novelty & Inventive step - Claims 1-25 

The first four citations only disclose magnetic/conductive recording structures incorporating nanoparticles. 

The new citations disclose security arrangements using nanoparticles in a document. However, they do not disclose 
solid inorganic nanoparticles as defined by claim 1 . 

Claims 4, 17, 19 and 23 all disclose specific processes that are not disclosed in the citations for the claimed security 
features. 

Hence, claims 1-25 are novel and have an inventive step. 
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The International Preliminary Examining Authority 
Australian Patent Office 
PO Box 200 

WODEN ACT 2606 



Sir, 



RE: International PGT Application No. PCT/AU99/00830 
in the name of S ECURENCY PTY LTD 
Our Ref : 40391637 RNM:DL 



We refer to the first Written Opinion dated 26 April 2000 drawn by the International Preliminary 
Examining Authority in relation to the above-referenced patent application. We request that the 
specification of the application be amended in accordance with the enclosed Statement of 
Proposed Amendments. 

The following comments are made with respect to the Authorised Officer's objections. 

The applicant respectfully submits that claims 1 - 3 as amended are both novel and inventive 
with respect to the documents cited in the Written Opinion. In particular, International Patent 
Application No. WO 94/09180 discloses a composite mirror produced using surface chemistry 
and making use of the properties of metal clusters. 

European Patent Application No. 0465124 describes the use of micelles, being organic ABA 
hyo^ophilic/hodrophobic block copolymers. The principle objective of this structure is to 
encapsulate a diamolecule to improve the light fastness and stability of the molecule. 

In contrast, the present invention relates to a security document that includes solid inorganic 
nanoparticles where the shape of the nanoparticle is control in conjunction with the particular 
inorganic material selected (for example, gold or silver). The purpose of the selection of the 
material and the controlled shape is to determine the spectral characteristics of the particle as it 
interacts with light It is these specific spectral characteristics which lead to the value of such-a 
device in security documents. 
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Freehills Carter Smith Beadle 
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AUSTRALIA 

Patents Act 1990 



JCIORec'dPCT/PTO 2 0 MAR 2001 

09/787603 



IN THE MATTER of International Patent 
Application No PCT/AU99/00830 
in the name of SECURENCY PTY LTD 



STATEMENT OF PROPOSED AMENDMENTS 



1 . Cancel pages 1 , 5 and 6 of the specification at present on file and substitute new pages 1 , 
5 and 6 submitted herewith in duplicate, 

2. Cancel claim page 14 of the specification at present on file and substitute new claim page 
14 submitted herewith in triplicate. The third copy being a manuscript copy showing the 
nature of the proposed amendments. 



Dated: 25 August 2000 

Fteehilh Carter Smith Beadle 
Patent Attorneys for the Applicant 

TO; The Commissioner of Patents 

Our Ref: 40391637 RNM:DL 
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SECURITY DOCUMENT INCLUDING A NANOPARTICLE-BASED 
AUTHENTICATION DEVICE 

The present invention relates to security documents such as banknotes, 
credit cards and other documents of value, and is particularly concerned with 
providing a security document with an authentication device for verifying the 
authenticity of the security document. The invention is also concerned with a 
method of producing such security documents. 

The counterfeiting of currency, stocks, bonds, credit cards and other 
valuable documents essential to conduct business and financial activities is a 
continuing serious problem. The widespread availability of high quality imaging 
systems and the increasing technological sophistication of counterfeiters increases 
the difficulty of combatting all forms of counterfeiting. 

Currently, considerable resources are devoted to the development of 
devices for incorporation into a security document which can be detected to 
validate the document's authenticity. Holograms, opaque print strips and 
microprinting are examples of such devices, and their effectiveness depends upon 
the difficulties involved in counterfeiting them. 

An aim of the present invention is to provide an authentication device for 
incorporation in a security document which acts to effectively circumvent 
counterfeiting of the security document. 

With that in mind, one aspect of the present invention provides a security 
document comprising a sheet-like substrate having one or more layers containing 
solid inorganic particles of controlled shape for forming an authentication device 
in a first location on the security document, the particles having at least a first 
dimension in the range of 1 to 200 nanometers. 

The particles may be substantially spherical. In another embodiment, the 
particles may be elongated. In a third embodiement, the particles may be a series 
of spherical particles concatenated together, in the form of "beads-over-string". In 
the case of elongated particles, at least a first group of the particles may be aligned 
so that their longimdinal axes are substantially parallel. The longitudinal axis of 

RNM:DL403<U«37(#2 85 12) nl 3AUJW.2000 
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Figure 10 is a schematic plan view showing a lined particle suitable for use 
in a security document according to the present invention; 

Figure 11 is a schematic plan view of particles encapsulated in a clear 
transparent material for use in a security document according to the present 
5 invention; 

Figure 12 is a cross-sectional side view of a fourth embodiment of a 
security document according to the present invention; 

Figure 13 is a cross-sectional side view of a fifth embodiment of a security 
document according to the present invention; 
10 Figure 14 is a schematic diagram showing a first method of locating 

particles in a substrate so as to form a security document according to the present 
invention; and 

Figure 15 is a schematic diagram showing a second method for enabling 
the location of particles in a substrate so as to form a security document according 
15 to the present invention. 

Referring now to Figure 1, there is shown generally a banknote 1 
comprising a sheet-like substrate 2 preferably of plastics material and having first 
and second opposing surfaces 3 and 4. Various indicia may be formed on at least 
one of the first and second opposing surfaces 7 and 8, such as drawings, writing 
20 and other designs well known to manufacturers and users of banknotes. 

The substrate is preferably a composite made from at least biaxially 
oriented polymeric film 5 which is coated on both sides with an opacifying 
pigmentry coating 6 and 7 comprising a major portion of pigment in a minor 
portion of cross-linked polymeric binder. A transparent protective coating (not 
25 shown) is preferably applied to both sides of the banknote 1 in order to protect it 
from wear, The transparent protective layer may include silica or like particles so 
as to improve the adherence of the banknote 1 when handled by a user. 

The substrate 2 includes copolymer outer coatings 8 and 9 of the biaxially 
oriented polymeric film 5. An authentication device 10 is formed at a first location on the 
30 banknote 1 by the inclusion of nanoparticles of controlled shape ia at least a portion of 
the copolymer outer coating 8. These nanoparticles have at least a first dimension 
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in the range of 1 to 200 nanometers, and, when included in a security document, 
provide a number of features suitable for use as an authentication device, as will 
be explained below. 

The opacification layer 6 of the banknote 1 does not extend over the entire 

5 surface 3 of the substrate 2, but leaves a portion of the substrate 2 uncovered in the 
vicinity of the authentication device 10. This embodiment of the authentication 
device 10' takes advantage of particular optical effects of the nanoparticles 
included in the copolymer outer layer 8 or otherwise visible by a user. In this 
example, nanoparticles made from gold, silver or other solid inorganic material 

10 which scatters and absorbs incident light waves are used in the authentication 
device 10. Nanoparticles of this type have been observed to exhibit isotropic 
absorption of incident light waves, their absorption spectrum being a function of 
both their aspect ratio, that is to say the ratio of their length to width, and their 
orientation. The absorption spectra for such nanoparticles in solution each having 

15 the same width of 10 nanometers but having different lengths is shown in Figure 
4. It has been observed that the short-axis polarized band, indicated by the 
reference "S" does not change in position, whereas the long-axis polarized band, 
indicated by the reference "L", shifts to a longer wavelength as the length of the 
nanoparticles increases. In the simplest case, nanoparticles of a spherical shape 

20 may be used in the authentication device 10. Such gold nanospheres have been 
observed to exhibit a colour shift in reflection as a function of the viewing angle a. 
Such an authentication device will have a typical "green-golden" colour when 
viewed under specular reflection and appears red-crimson when viewed in diffuse 
reflectance. The actual "red-crimson" colour which is viewed in diffuse 

25 reflectance will depend upon the actual size of the nanosphere and on the 
thickness of any coating on it. 

Alternatively, nanorods, nanoellipsoids or other elongated nanoparticles 
may be used in order to alter the colour observed by a user both under specular 
reflection and by diffuse reflectance of light on the surface of the authentication 

30 device 10. 

RNM:DL 40391 637 (#285 12) rsl 25 August, 2000 
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CLAIMS 

1* A security document comprising a sheet-like substrate having one or more 
layers containing solid inorganic particles of controlled shape for forming an 
5 authentication device in a first location on a security document, the particles having at 
least a first dimension in the range of 1 to 200 nanometers. 

2. A security document according to claim 1, wherein the particles are 
substantially spherical, 

10 

3. A security document according to claim 1, wherein the particles are elongated. 

4. A security document according to claim 3 # wherein at least a first group of the 
particles are aligned so that their longitudinal axes are substantially parallel. 

15 

5- A security document according to claim 4, wherein the longitudinal axis of the 
first group of particles extend in a first direction at an angle to the plane of the security 
document. 

20 6. A security document according to claim 5, wherein a second group of particles; 
are aligned so that their longitudinal axes extend in a second direction at an angle to 
the plane of the security document, the first and second directions being noncolinear. 

7. A security document according to any one of claims 4 to 6, wherein the first 
25 group of particles are arranged so as to polarise incident light waves. 

8. A security document according to claim 7, and further comprising, at a second 
location* a polarising analyser for interaction with the light polariser at the first 
location. 

30 

9. A security document according to claim 1, wherein the particles are spherical 
and form a series of particles concatenated together. 
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SECURITY DOCUMENT INCLUDING A NANOP ARTICLE-BASED 
AUTHENTICATION DEVICE 

The present invention relates to security documents such as banknotes, 
5 credit cards and other documents of value, and is particularly concerned with 
providing a security document with ail authentication device for verifying the 
authenticity of the security document. The invention is also concerned with a 
method of producing such security documents. 

The counterfeiting of currency, stocks, bonds, credit cards and other 
10 valuable documents essential to conduct business and financial activities is a 
continuing serious problem. The widespread availability of high quality imaging 
systems and the increasing technological sophistication of counterfeiters increases 
the difficulty of combatting all forms of counterfeiting. 

Currently, considerable resources are devoted to the development of 
15 devices for incorporation into a security document which can be detected to 
validate the documents authenticity. Holograms, opaque print strips and 
microprinting are examples of such devices, and their effectiveness depends upon 
the difficulties involved in counterfeiting them. 

An aim of the present invention is to provide an authentication device for 
20 incorporation in a security document which acts to effectively circumvent 
counterfeiting of the security document 

With that in mind, one aspect of the present invention provides a security 
document comprising a sheet-like substrate having one or more layers containing 



igarttcles^tbr fomiing an authentication device in a first location on the security \L 
25 document^ the particles having at least a first dimension in the range of 1 to 200 
nanometers. 

The particles may be substantially spherical* In another embodiment, the 
particles may be elongated. In a third embodiement, the particles may be a series 
of spherical particles concatenated together, in the form of "beads-over-string". In 
30 the case of elongated particles, at least a first group of the particles may be aligned 
"so that their longitudinal axes are substantially parallel. The longitudinal axis of 
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Figure 10 is a schematic plan view showing a lined particle suitable for use 
in a security document according to the present invention; 

Figure 11 is a schematic plan view of particles encapsulated in a clear 
transparent material for use in a security document according to the present 
5 invention; 

Figure 12 is a cross-sectional side view of a fourth embodiment of a 
security document according to the present invention; 

Figure 13 is a cross-sectional side view of a fifth embodiment of a security 
document according to the present invention; 
10 Figure 14 is a schematic diagram showing a first method of locating 

particles in a substrate so as to form a security document according to the present 
invention; and 

Figure 15 is a schematic diagram showing a second method for enabling 
the location of particles in a substrate so as to form a security document according 
15 to the present invention. 

Referring now to Figure 1, there is shown generally a banknote 1 
comprising a sheet-like substrate 2 preferably of plastics material and having first 
and second opposing surfaces 3 and 4. Various indicia may be formed on at least 
one of the first and second opposing surfaces 7 and 8, such as drawings, writing 
20 and other designs well known to manufacturers and users of banknotes. 

The substrate is preferably, a composite made from at least biaxially 
oriented polymeric film 5 which is coated on both sides with an opacifying 
pigmentry coating 6 and 7 comprising a major portion of pigment in a minor 
portion of cross-linked polymeric binder. A transparent protective coating (not 
25 shown) is preferably applied to both sides of the banknote 1 in order to protect it 
from wear. The transparent protective layer may include silica or like particles so 
as to improve the adherence of the banknote 1 when handled by a user. 

The substrate 2 includes copolymer outer coatings 8 and 9 of the biaxially 
oriented polymeric film 5. An authentication device 10 is formed at a first 
30 location on the banknote 1 by the ^inclusion of ^ 0 V^ clGS ^ t }^^%^^^ ^ 
the copolymer outer coating 8. These nanoparticleSjhave at least a first dimension 
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in the range of 1 to 200 nanometers* and, when included in a security document, 
provide a number of features suitable for use as an authentication device, as will 
be explained below. 

The opacification layer 6 of the banknote 1 does not extend over the entire 

5 surface 3 of the substrate 2, but leaves a portion of the substrate 2 uncovered in the 
vicinity of the authentication device 10. This embodiment of the authentication 
device 10 takes; advantage of particular optical effects of the nanoparticles 
included in the copolymer outer layerjS-^^therwisej^ In this 

example, nanoparticles made from goldAor other /material which scatters and 

10 absorbs incident light waves are used in the authentication device 10. 
Nanoparticles of this type have been observed to exhibit isotropic absorption of 
incident light waves, their absorption spectrum being a function of both their 
aspect ratio, that is to say the ratio of their length to width, and their orientation, 
The absorption spectra for such nanoparticles in solution each having the same 

15 width of 10 nanometers but having different lengths is shown in Figure 4. It has 
been observed that the short-axis polarized band, indicated by the reference "S" 
does not change in position, whereas the long-axis polarized band, indicated by the 
reference "L", shifts to a longer wavelength as the length of the nanoparticles 
increases. In the simplest case, nanoparticles of a spherical shape may be used in 

20 the authentication device 10, Such gold nanospheres have been observed to 
exhibit a colour shift in reflection as a function of the viewing angle a. Such an 
authentication device will have a typical "green-golden" colour when viewed 
under specular reflection and appears red-crimson when viewed in diffuse 
reflectance. The actual n red-crimson M colour which is viewed in diffuse 

25 reflectance will depend upon the actual size of the nanosphere and on the 
thickness of any coating on it. 

Alternatively, nanorods, nanoellipsoids or other elongated nanoparticles 
may be used in order to alter the colour observed by a user both under specular 
reflection and by difiuse reflectance of light on the surface of the authentication 

30 device 10. J 
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CLAIMS 



1. A security document comprising a sheet-like substrate having one or more 



layers contaimngjparticles^ forakg ^authentication device in a first location on a 
security document, the particles^having aUeast a first dimension in the range of 1 to 
200 nanometers 



2. A security document according to claim 1, wherein the particles are 
substantially spherical. 

3. A security document according to claim 1, wherein the particles are elongated. 

4. A security document according to claim 3, wherein at least a first group of the 
particles are aligned so that their longitudinal axes are substantially parallel. 

5. A security document according to claim 4, wherein the longitudinal axis of the 
first group of particles extend in a first direction at an angle to the plane of the security 
document. 



20 6. A security document according to claim 5, wherein a second group of particles 
are aligned so that their longitudinal axes extend in a second direction at an angle to 
the plane of the security document, the first and second directions being noncolinear. 

7. A security document according to any one of claims 4 to 6, wherein the first 
25 group of particles are arranged so as to polarise incident light waves. 

8. A security document according to claim 7, and further comprising, at a second 
location, a polarising analyser for interaction with the light polariser at the first 
location. 



9. A security document according to claim 1, wherein the particles are spherical 
and form a series of particles concatenated together. 
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